Abstract
Introduction
and animals, PAHs are metabolized by cytochrome P450 enzymes and excreted in urine.
54
One of the major metabolites is monohydroxylated PAH (OH-PAHs) (Burczynski et al.,
55
1998) and urinary levels of 1-hydroxypyrene has been used as biomarker of PAHs exposure
The assessment of health risk to humans exposed to PAHs is primarily based on results
63
from animal studies, which indicated that PAHs can produce carcinogenic and mutagenic 64 effects. Recent studies also indicated that some PAH metabolites have strong correlation 65 with atherosclerosis and cardiovascular diseases (Xu et al., 2010) , and exposure of rats and 66 mice to naphthalene caused nasal and bronchiolar tumors, respectively (NTP, 1992; 2000) .
67
As a developing country, the economic and population growth rates in Ghana have seen collected because cattle is known to excrete large amount of PAH metabolites due to high 84 intake of the parent compound through feed or inhalation (Saengtienchai et al., 2014 correction formula applied to each urine concentration was as follows:
Where, SG target is the mean specific gravity of cattle urine per community; SG sample is the 168 specific gravity of a particular sample.
Quality control and quality assurance

170
A mixture of three 13C-isotopically labelled OH-PAHs (13C6-2-OHFlu, 3-OHPhe-d9,
171
and 13C6-1-OHPyr) was spiked into urine samples as internal standard prior to sample 
176
Quantitation was performed using internal standard method (five-point calibration; 1, 5,
177
10, 50 and 100 ng/mL), and average correlation coefficients (r 2 ) for the calibration curves 2OHFlu, 3-OHPhe-d9, and 13C6-1-OHPyr) ranged from 89 ± 5.8-96 ± 11.4% (Table 1) .
190
For every batch of 10 samples, a solvent blank, a spiked solvent blank (internal 191 standards spiked into solvent), a matrix spike (internal standards spiked into blank urine),
192
and duplicate sample were analyzed. The average recoveries in spiked solvents blanks
193
ranged from 92 ± 4.6-98 ± 8.3%, and that for matrix spikes was 85 ± 9.1-96 ± 7.1%.
194
Blanks were run periodically and contained no detectable amount of target analyte. OHNap, 2-3-OHFlu, 1-9-OHPhe, 2-OHPhe, 3-OHPhe, 4-OHPhe and 1-OHPyr were 216 detected. 9-OHFlu and the high molecular weight, HMW (≥ 4 rings) PAHs (6-OHChry, 3-
217
OHB(e)P and 9-OHB(a)P) were however not detected in the cattle urine and could be due were detected in Kokote (Table 3) 
2-OHNaphthalene
235
The GM SG of 2-OHNap in cattle urine in Kokote (21.9 ± 6.51 ng/mL) was significantly 236 higher (p ˂ 0.05) compared to the other sites followed by Oforikrom (4.15 ± 4.37 ng/mL) 237 (Table 3) . However, the least GM SG concentration for 2-OHNap was recorded in Santasi
238
(0.61 ± 0.23 ng/mL). Although 1-OHNap could be derived from both naphthalene and 
1-OHPyrene
251
The highest GM SG concentration of 1-OHPyr were detected in cattle in Kokote (2.29 ± 252 1.28 ng/mL) and Oforikrom (1.37 ± 1.18 ng/mL). Levels in Kokote were significantly 253 higher (p ˂ 0.05) compared to other sites except Oforikrom and Santasi (Table 3) . GM that other important sources besides traffic could contribute to the PAHs burden of animals.
262
Results of non-adjusted 1-OHPyr concentrations from the present study was higher 
265
The levels in the present study could be due to vehicular activities or traffic. At high 
OHPhenanthrenes and OHFluorenes
275
The distribution of 2-OHPhe, 4-OHPhe and 2-3-OHFlu were significantly higher (p ˂ 276 0.05) in Kokote than the other sites (Table 3 ). Urinary levels of 1-9-OHPhe in Kokote was 277 however significantly higher (p ˂ 0.05) than levels found in Oforikrom. 3-OHFlu in cattle urine from all sites were below the LOQ except Kokote (Table 3) . In this study, the most 279 dominant OHPhe isomer from all sites was 1-9-OHPhe, which is similar to results obtained 
Association between urinary OH-PAHs concentrations and sex
297
Gender differences have been used in various studies to predict differences in OH-PAHs distribution, metabolism, and excretion) data would be needed to support that assertion.
305
Differences could also be due to different rearing systems from the various sites. concentrations. 1-9-OHPhe on the other hand was significantly higher in female cattle
318
(GM SG = 2.17 ± 1.18 ng/mL) than males (GM SG = 1.71 ± 1.07 ng/mL) ( 
Conclusions
331
Cattle urine samples were collected from both urban (Kumasi) and rural (Offinso) sites 332 in the Ashanti Region, Ghana, and GM SG concentration of OH-PAHs indicated that, 2-
333
OHNap was the most abundant followed by; 1-9-OHPhe > 4-OHPhe > 1-OHPyr > 2-334 3OHFlu > 2-OHPhe > 3-OHPhe. The results of the present study showed that cattle in 335 Kokote (rural area) were exposed to significantly higher levels of PAHs than the other sites,
336
and naphthalene-containing-mothballs might have contributed significantly to 2-OHNap 337 levels detected in cattle urine. There was no significant difference between urinary OH-
338
PAHs concentrations in cattle in urban and rural sites except for 2-OHPhe and 4-OHPhe 339 and similar to urban areas, rural sites could also be polluted with PAHs. Levels of 2-
340
OHNap was significantly higher in male cattle compared to females, while the opposite was 341 for 1-9-OHPhe. 
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